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The Sensor Analysis and Intelligence Laboratory (SAIL) at Mississippi State University's
(MSU's) Center for Advanced Vehicular Systems (CAVS) incorporated sensors with unmanned
aerial vehicles (UAVs). Mounting plates were created to secure the sensors to the UAVs for data
collection. This study’s purpose was to detail the process that went in to creating two different
versions of the mount plates. One version of the mounting system was cut from G10 fiberglass
sheets, and the other version was made from 3D printing with polylactic acid (PLA).
Characteristics such as cost, time, and simplicity of the manufacturing methods are compared in
this study. Plate performance characteristics such as compatibility, weight, and success/failure
are also discussed. Detailing the advantages and limitations of either approach will aid future
researchers’ decision-making process for their own studies. They can use this study as a
foundational framework for deciding which mount would best fit with their system requirements.
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CHAPTER I
INTRODUCTION
Expanding the scope of possible data collection by integrating additional sensors on preexisting unmanned aerial vehicles (UAVs) requires modifications to the UAV’s mounting
systems. UAVs offer a unique capability to view the world from a high vantage point, giving
them the ability to collect information on a large expanse of area all at once. They have been
used for wildlife and environmental monitoring, natural disaster relief efforts, agricultural
studies, and more [1, 3, 4, 10]. The Sensor Analysis and Intelligence Laboratory (SAIL) at
Mississippi State University's (MSU's) Center for Advanced Vehicular Systems (CAVS)
regularly incorporates sensors with UAVs to improve data collection capabilities of existing
systems.
SAIL experiments often have two or more sensors used simultaneously for data
collection and image comparison. The current iteration of this research has an ICI MWIR Mirage
thermal camera and a FLIR ADK thermal camera secured to a UAV with a gimbal to collect data
[12, 5]. The gimbal was not designed to carry these specific sensors, so the system needed a
module to connect the sensors and the original mounting components of the UAV. Custom
mount plates were made to facilitate the connection between the gimbal and the additional
cameras.
This paper is organized by the problem statement, followed by the preliminary design
process, fabrication process, testing and results, and conclusion. The preliminary design process
1

focuses on gathering data and creating the conceptual design for the mounts. The fabrication
process includes prototyping, fabrication, and any post-production. The results section analyzes
the shape and geometric accuracy of the mounts as well as the assembly procedure and
performance of the system.
1.1

Problem statement
If the focus of a project is data collection, a majority of the time and resources should be

allocated towards the sensors, computational power, and repeated testing. The work should not
be hindered due to the demands of creating a mount for the sensors. Time spent creating a
custom part is time not spent gathering and analyzing data. This study endeavored to examine the
different processes and resources available in CAVS and outline their advantages and limitations
to simplify the mount creation process for future studies. Mount designs vary from project to
project, but a lab’s material and its related fabrication process is often used for multiple projects.
Instead of creating a single version of a mount plate for SAIL to solve a single problem, the
production processes of two different mounts were compared to aid in the decision making
process for future projects. One version of the mounting system was cut from G10 fiberglass
sheets. The other version was made via 3D printing with polylactic acid (PLA). Both methods
had been used for previous mount fabrication in the SAIL lab.
Subtractive manufacturing, like cutting out a shape from stock material, is a wellestablished method in the industry, but it does not always lend itself towards customization.
Additive manufacturing has created advancements in fabrication, but it is still a developing
technology with limitations like any other method [15, 18].
The project was broken up into manageable tasks to aid scheduling and project
management organization [9]. The tasks are listed in chronological order in Table 1.1, and each
2

stage represents a milestone in the project. A full discussion of each stage and the tasks therein is
contained in the following chapters of this paper.
Table 1.1

Project Objectives

Stage 1
1. Compile necessary information and materials such as dimensions and manuals of
sensors, models of equipment, etc.
2. Design custom mount plate shape that will secure both ICI and ADK thermal
cameras to the T3 gimbal and UAV
Stage 2
3. Create prototype plates to test fabrication methods and material properties
4. Fabricate mount plates from PLA and G10 sheet, and document characteristics
Stage 3
5. Assemble entire system: sensors, mounts, gimbal, and UAV
6. Compare characteristics
Stage 1 focuses on preliminary work and design. Preliminary steps such as taking
measurements and gathering data on the equipment needed to be done before accurate designs
could be created. Stage 2 is testing the validity of the fabrication processes via prototyping and
the creation of the finished mounts. Stage 3 focuses on testing and results. The functionality of
each mount was confirmed, and the performance of each mounting system was compared.
1.2

Equipment overview
The key goal of the study is to combine pre-chosen components so they can operate as

one coherent system. Figures 1.1-4 show the equipment available at CAVS that was selected to
be integrated to collect data (e.g., Flir Adk™, ICI Mirage 640 S-series, Gremsy T3, Matrice
600). The sensors, a FLiR ADK thermal camera and an ICI MWIR thermal camera, were to be
secured to a flying M600 drone [11]. The M600 drone has a Gremsy T3 gimbal that is not
capable of securing more than one sensor [6]. It is important that the ADK & ICI sensors be
mounted in such a way that their lenses are on the same plane. The goal is to capture images
3

from almost identical viewpoints for better, more consistent image comparison in postprocessing.

Figure 1.1

FLiR ADK thermal camera

The ADK camera is 35 x 40 x 47mm and weighs 99.22 grams [5]. It is a relatively small
and light weight thermal camera; ideal for UAV data collection since it will not have a
significant impact on the payload. The FLiR ADK thermal camera has a single mounting hole on
the bottom that had to be incorporated into the mount design.

Figure 1.2

ICI Mirage 640 S-series

4

The ICI thermal camera is 111 x 96 x 131mm and 765 grams [12]. The ICI has a volume
approximately 24-times larger than the ADK. There are two holes on the bottom of the camera
for mounting that were incorporated in the mount design.

Figure 1.3

Gremsy T3 gimbal

The T3 gimbal is 237 x 184 x 288 mm and weighs 1.2 kg (2.65 lb.). It can hold a camera
as large as 152 x 100 x 120 mm and it has a max payload of 1.67829 kg (3.7 lb.) [6]. Once a
camera is bolted into the gimbal case, the top of the case is clamped down to securely hold it in
place.

5

Figure 1.4

Matrice 600 Unmanned Aerial vehicle

The M600 is 1668 x 1518 x 759mm with the propellers, frame arms, and GPS mount
unfolded (roughly 5 ft diameter ‘wingspan’). It weighs approximately 9 kg and its max take-off
weight is 15 kg [11]. The T3 gimbal is designed to interface easily with the M600. UAVs that fly
via horizontal rotating propellers (similar to a helicopter) generate vibrations that can have
adverse effects on the sensors it might be carrying [13,14]. The M600 UAV used in this project
is equipped with silicone dampeners which decrease vibrations felt by the payload and allows for
a mount to be secured directly to the dampened body [8]. However, the T3 gimbal is necessary
not only to further mitigate vibrations but also to keep the cameras pointed towards the target
while the M600 is in flight.
Expected requirements were listed at the start of the project following a similar approach
to past projects associated with CAVS [9]. Table 1.2 lists the requirements and goals that guided
the development of the mounts and the framework of the project itself. The sensors used in this
work weigh less than 1.0 kg collectively, so stresses related to weight are not expected to be
severe enough to warrant a detailed stress analysis. The mounts must be capable of supporting
6

the sensors with minimal deformation, so rigidity was a key requirement for the material
properties. Weight and size of the mounting plates are also important factors since the T3 gimbal
has limited size and cannot support more than 1.6 kg of weight. Additionally, the M600 has less
battery with heavier payloads [6,11].
Table 1.2
1.
2.
3.
4.
5.
6.
7.
8.

1.3

System Requirements

The constants of the project shall be the design and performance of the mounts.
The variables of the project shall be the materials and fabrication methods.
The project shall use resources (sensors, equipment, etc.) available to SAIL.
The mounts shall support a minimum payload of 1.0 kg without noticeable deformation.
The mounts and sensors shall not exceed a volume of 152 x 100 x 120 mm.
The mounts shall not extend past the sensors secured to it (no excess material).
The material for the mounts shall be material readily available to CAVS and SAIL.
The fabrication methods shall be done with equipment/personnel available to CAVS.

Contributions
This project was submitted to and accepted by the International Mechanical Engineering

Congress and Exposition under the title “Design and fabrication of mount plate for integration of
multiple cameras in UAV using 3D printing and traditional manufacturing methods.” The
abstract and a presentation based on this research were also accepted by the American Society of
Civil Engineers and Engineering Mechanics Institute International Conference with the title
"Fabrication Process and Performance of Custom UAV Sensor Mount Plates." The mounts
created through this project will remain at CAVS for future use in data collection studies.
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CHAPTER II
STAGE 1: MATERIAL SELECTION AND DESIGN PROCESS
The preliminary stage of the design process dealt mostly with data collection on selected
equipment and available material. Information on the sensors, gimbal, and UAV were important
not only for size and weight, but to find any limitations or parameters associated with the
equipment (e.g., max payloads, vibration sensitivity, etc.). The materials and related fabrication
methods were chosen from previous studies done at CAVS that required custom mounts to be
made in-house [2].
2.1

Information gathering
Information on the equipment was gathered at the start of the project via user manuals,

supporting documents, and physical observation. Any size, weight, and payload limitations
mentioned in the equipment overview section were found during this stage of the project. In
addition to physical specifications, operational guidelines were studied to understand limitations
of the equipment. For example, the M600’s battery life shortens as the payload weight it is
carrying increases. The graph shown in Figure 2.1 illustrates the importance of having a light
payload to allow a longer flight time.
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Figure 2.1

2.2

This graph shows the relation between payload and flight time for the M600 drone
[11]. Each point is labeled with equipment that would equal the designated
payload.

Material selection
Both G10 fiberglass and PLA filament are available to SAIL and have been used for

mount fabrication in previous studies. G10 fiberglass sheets were used to secure a hyperspectral
camera to the M600 drone and a Gremsey T1 gimbal. G10, much like carbon fiber, is a woven
material that is cured and hardened to make a rigid sheet. One square foot of the 1.5875mm thick
G10 sheet purchased by SAIL cost $10.52.
PLA filament in an Ultimaker 3D printer like the one in Figure 2.2 has been used by
SAIL for mount fabrication as well [2]. PLA is malleable when heated by the printer but
solidifies after cooling to make a solid, semi-rigid part. A spool of 90m of filament costs $49.95;
roughly $0.56 per meter [17].
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Figure 2.2

Ultimaker 3

Information on the materials and processes were gathered for a more in depth
understanding and possible mathematical analysis if necessary. The Ultimaker has a build
volume of 197 x 215 x 200 mm [16]. The elasticity modulus of G10 fiberglass sheet is between
2400-2700 KPSI and has a flexural strength of 75,000-65,000 psi [7]. These values depend on
whether the plate is crossways or lengthways, referencing the woven aspect of the fiberglass
sheet. The tensile modulus of PLA is 2,346.5 MPa and it has a flexural strength of 103 MPa [17].
2.3

Design process
The design process was identical for both types of mounts since the purpose of this study

is to compare the fabrication process and not the design. Computer aided design (CAD) models
of the sensors were not available from the supplier, so drawings and CAD models of the cameras
were made using a combination of manual measurements and documented information. The
models were made in SOLIDWORKSTM 2018 and 2019, another resource available at CAVS.
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The assembly image in Figure 2.3 shows how the ICI and ADK were arranged so their lenses are
in the same plane.

Figure 2.3

SOLIDWORKSTM model of ICI and ADK cameras in correct orientation.

Once the sensor models were complete, sketches and engineering drawings were
generated based off orientation of the assembly. The assembly was especially useful for finding
the correct locations for the mounting holes. The overall size of the mount was made to be just
big enough to support the two mounts. A simple L shape, shown in Figure 2.4, was created to
accommodate both cameras in the correct co-planar position. Extra support material was added
along the corner of the L shape to mitigate the chance of the ADK support snapping off.
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Figure 2.4

Hand-drawn sketch of combo mount design

A simple mount design allowed for minimal material use, and the straightforward
geometry of the plate makes the design easier to replicate. The largest part of the mount fits the
base of the ICI, which is 140 x 56mm. The sketches, like the one in Figure 2.4, were used to
create a CAD model of the final mount design shown in Figure 2.5, called the combo mount.
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Figure 2.5

CAD model of combo mount design, including mounting holes for the sensors

The two holes on the longer portion of the mount support the ICI camera while the ADK
camera is secured to the single hole off to the side of the mount. SOLIDWORKSTM generated an
engineering drawing from the model that was to scale. The main purpose of the engineering
drawing was to function as a blueprint for the fabrication process and to validate the placement
of the mount holes with respect to the sensors.
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CHAPTER III
STAGE 2: FABRICATION METHODS
The fabrication methods used for the two mounts are fundamentally different. Cutting a
shape from the G10 sheets involves taking a large piece of raw material and reducing it down to
make a smaller piece. 3D printing with a fused deposition modeling (FDM) printer, like the
Ultimaker, builds a piece up one layer at a time. While both methods were used to create the
same design, the steps for one process are not applicable for the other. Each have their own
advantages and limitations [15,18]. Prototypes were made to test the compatibility between the
fabrication process, the material, and the basic shape of the mount.
3.1
3.1.1

Subtractive manufacturing with G10
G10 prototype
A bandsaw and drill press available at MSU successfully cut through the G10 sheet for

the prototypes. A ¼ inch drill bit made holes that matched those required for mounting the
sensors. Figure 2.6 shows the two prototype G10 plates. Two simple rectangles were made at
approximately the same size as the base of each sensor (140 x 56mm and 27 x 37mm) with mock
mounting holes as well.
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Figure 3.1

3.1.2

Prototype G10 mount plates

Fabrication of the G10 combo mount
The engineering drawing in Figure 3.2 was made to scale and printed on paper. The

printed engineering drawing was used as a template to outline the shape of the mount and mark
the hole locations on the G10 sheet.

Figure 3.2

Engineering drawing of combo mount (mm)
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Once the edges were drawn, the shape of the mount was cut out with a metal cutting
bandsaw, shown in Figure 3.3, and holes in the mount were made with a drill press with a ¼ inch
bit. The actual cutting and drilling were done under the supervision of a trained worker in the lab
to ensure safety procedures were followed. Overall, the fabrication process took about 45
minutes and the plate weighed 25g.

Figure 3.3

3.2
3.2.1

Bandsaw cutting through the G10 sheet

Additive manufacturing with PLA
PLA prototype
3D printing is a delicate process in that the printer must be set up properly within a

controlled environment to prevent print failures. Multiple 140 x 56mm prints were made with the
PLA to find the appropriate thickness for the mount. The first prototype was 5mm thick and took
5 hours and 51 minutes to print. The plate was redundantly strong (it did not bend even at 15lbs
of pressure), so thinner prototypes were made. The 2mm thick second print bent with only 3lbs
16

of pressure. The last prototype was 3mm thick and was stiff enough that 6lbs of pressure only
caused minute bending.
3.2.2

PLA combo mount
The PLA plate was printed with an Ultimaker 3. The SOLIDWORKSTM CAD model was

uploaded to their complimentary software, Cura, to prepare it for printing, as shown in Figure
3.4. The part was assigned 20% infill density in a tri-hexagon pattern, and the minimum
resolution was set at 0.1mm. These settings were chosen because they are the default settings of
Cura and Ultimaker. Infill density designates how solid a 3D printed part will be [16]. If the
density value was increased, the tri-hexagonal pattern shown in Figure 3.4 would become
smaller and more tightly packed together.

Figure 3.4

Spliced view of combo mount print plan with 20% tri-hexagon infill

The Ultimaker, like most FDM 3D printers, creates a piece by extruding the filament
through a heated nozzle as the nozzle moves over a build plate, printing a part one layer at a time
17

[15, 16, 18]. Figure 3.5 shows the mount mid-fabrication. Overall, the final print took 3 hours
and 45 minutes. It weighed 25g once the support material was removed.

Figure 3.5

3.3

Ultimaker in the process of printing the combo mount

Post-production modifications
Post-production modifications of the mounts involved sanding down the rough edges of

the G10 plate as well as removing the support material on the PLA mount plate. It’s important to
note that the hole size of the PLA mount plate design was slightly increased to account for hole
shrinkage, a common occurrence with 3D printing. The holes in the G10 mount plate needed
additional drilling because they were slightly out of place. Cutting the G10 by hand means there
was human error associated with the straight lines and hole placement. Figure 3.6 shows the
finished mounts.

18

Figure 3.6

G10 mount (left) and PLA mount (right)
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CHAPTER IV
STAGE 3: ASSEMBLY AND TESTING
Once the mounts were fabricated and modified, the functionality of the design was
validated through assembly and testing. Functionality was defined as the ability of the mounts,
sensors, and gimbal to be secured together without interference or damage to any of the
components. Assembly was done by first bolting the sensors to a mount with standard ¼” nuts
and bolts. The overall system was assembled by using the ICI bolts to sandwich the mount
between the ICI and the plate at the bottom of the camera cage of the gimble. The top of the
gimbal cage was screwed in to clamp the ICI down. The ADK was secured next to the ICI with
its one bolt.
4.1

First level assembly
Mock assemblies were done to test the compatibility and spacing of sensors and the

mounts. The ICI and ADK were successfully secured to both mounts. The cameras lined up on
the same plane, as shown in Figure 4.1, and screwing in the bolts was a simple process. The
space between the two sensors was enough that assembly process was not hindered, and passive
heat transfer could still occur.

20

Figure 4.1

4.2

ICI and ADK cameras secured to PLA plate

Overall System Test
Securing the mount and sensors to the gimbal tested how secure the components are

together, their compatibility, and whether the large ICI camera (now paired with an ADK
camera) fit within the gimbal’s available camera space. Figure 4.2 shows the assembled system.
Note that because the data collection involves taking images of the ground while in the air, the
gimbal must be secured to the base of the camera, but the orientation of the system is tilted into
the vertical position.

21

Figure 4.2

Sensors and mount secured to the T3 gimbal

The mount with the sensors is bolted to the bottom of the gimbal case. The sensors and
mount are then sandwiched between the top and bottom of the gimbal case to hold it securely.
Then the payload is tilted 90° so the cameras can capture images of the ground. There was
enough room on the gimbal to successfully mount and tilt the cameras without component
interference. The T3 gimbal was shaken and moved around, and the sensors remained secure.
Flaws such as cracks or warping were not developed on either of the mount plates due to testing.
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CHAPTER V
RESULTS AND DISCUSSION
Table 5.1 organizes seven key characteristics of the mounts for comparison. The two
mounts were both sturdy enough to withstand bending forces, and they securely held the sensors.
The shape was consistent between the two and therefore performance during assembly was
equal. The processes differed significantly in time and cost. Physically speaking, their main
differences were post-production modifications and thickness. The PLA mounts is twice as thick
as the G10, yet they weigh the same.
Table 5.1

Summary of G10 and PLA plate characteristics

Characteristic
Fabrication time
Thickness
Weight
Post-production modifications
Material Cost
Equipment
Training

G10 plate
45 minutes
1.5875mm
25 g
Extensive
$10.52
for a 12”x12” sheet
Bandsaw
Drill press
Belt and disc sander
Safety training for heavy
machinery

PLA plate
3 hours 54 minutes
3 mm
25 g
Minimal
$49.45 for a spool of material
($2.01 for the mount plate)
SOLIDWORKSTM
Ultimaker 3 printer
CAD software operation training

The fabrication process for the G10 mount plate was relatively low-tech. The shape of the
mount was hand drawn onto the sheet, and it was cut by manually feeding the sheet through a
bandsaw and drill press. The G10 mount itself was not exact because the fabrication process left
23

it vulnerable to human error. Hole placement was particularly difficult to get right and required
post-production modifications. While the bandsaw and drill press do not require a lot of time to
operate, housing them can take up a lot of space, and safety training should be done before
working with the dangerous equipment.
The PLA mount plate used relatively modern methods for its fabrication [15]. The
equipment and process are relatively complicated and require familiarity with modeling software
as well as the printer to create a viable piece. 3D printing an accurate part requires a CAD model
of the design and cannot be done by hand. The computerization of this method creates a more
precise mount that has almost the same dimensions of the computer model given to the printer.
Printing software allows customization of the density and pattern of the infill.
5.2

Lessons learned
Through the duration of this project, certain idiosyncrasies became apparent. Emphasis

on a diverse view when planning a project enables obstacles to be considered before they
become an issue. For example, considering the physical size as well as operational capabilities is
important in selecting a camera (some sensors meet operational requirements but can be too large
or heavy for a UAV to carry). Finding physical specifications for sensors is not a straightforward
process. Manufacturers may need to be contacted directly for equipment dimensions. The center
of a 3D printer’s nozzle is where the machine lines up for a part’s given dimensions. Because of
this, the dimensions for any holes that need to be printed should be sized up, to account for
shrinkage. Additionally, circles can become slightly warped if they are printed normal to the
build plate. Circles, and other similar shapes, are more accurate when horizontally printed. G10

24

can be cut with a metal cutting blade, but respiratory and eye protection must be worn due to the
glass fibers the cutting process creates.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION
The two methods created functionally equivalent mounts, but the processes varied. 3D
printing is time consuming, especially for a part that has high volume. Changing the thickness of
the PLA mount from 5mm to 3mm causes a 50% reduction in printing time. Subtractive
manufacturing with a bandsaw requires proper safety training but the process itself does not take
long at all. 3D printing creates almost exactly accurate parts up to 0.1 mm resolution, while
cutting with a bandsaw and drill press has a much larger margin of error. Computerized
subtractive manufacturing like a CNC machine could overcome the accuracy shortcomings of the
methods used for the G10 sheet.
With regards to a planer mount plate, both fabrication methods are relatively equal.
Cutting out a shape from the G10 sheet does not require detailed planning and execution and has
a relatively quick fabrication time. If one were to skip the CAD design step and simply freehand
a design on the sheet to be cut, that would expedite the process even more. A drawback for the
quick method is that it sacrifices accuracy, so holes and edges are more likely to be incorrect.
The 3D printing method can generate exact shapes, accurate up to 0.1mm. Unfortunately, it took
more than 3 hours for a 3mm thick plate. Larger mounts would take an even longer amount of
time. Additionally, the size of a part is limited to the size of the build volume of the printer.
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For a simple and approximate mount plate, subtractive manufacturing should suffice.
However, if accuracy is a key requirement of the mount plate dimensions, 3D printing should be
the preferred method, especially for small, complicated mounts.
It was the intention of this study to perform in-flight testing with the entire system for
image comparison, but unfortunately time and weather did not allow for takeoff. Additional
analysis such as stress/strain tests can be done to aid recommendation decisions. Other
fabrication methods like CNC can be considered in future studies.
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